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COMPARATIVE EVALUATION OF COKING PROPERTIES OF FOUR COALSY 


by 


Staff, Division of Bituminous Coal 


SUMMARY 


Comparative tests of four coals used industrially for coke production 
have been made by three laboratories of the Federal Bureau of Mines, each 
using its standard equipment and procedures for evaluating coal for coking. 
Two of the coals were blends used in the western and eastern sections of the 
United States, the third was a strongly coking coal widely used for produc- 
ing coke in Alabama, and the fourth was a blend typical of those used for pro- 
ducing foundry coke in the Birmingham district. The coals used and the cokes 
produced from them covered a wide range of chemical and physical properties. 
The tests used at all three laboratories for determining the physical prop- 
erties of the cokes were made according to ASTM (American Society for Test- 
ing Materials) methods. The excellent agreement found for the physical prop- 
erties of the cokes indicated that, for the coals tested, the BM-AGA 
(Bureau of Mines-American Gas Association) 18-inch circular retort used at 
Pittsburgh, Pa., the 14-inch slot-type oven used at Denver, Colo., and the 
17-inch slot-type oven used at Tuscaloosa, Ala., were substantially equivalent 
for evaluating coals for production of coke. Thus, added value is given to 
data obtained previously and independently at these three Bureau laboratories. 


INTRODUCTION 


Laboratory equipment to produce coke for evaluation has not been stand- 
ardized by the industry. The results obtained with any one design of equip- 
ment have been regarded as showing only the relative values of coal to 
produce coke of the requisite quality. Few systematic studies have been made 
to correlate results obtained in different types of equipment. Results of one, 
in which the Bureau of Mines participated, were published recently.2 This 


1/ Work on manuscript completed July 1960. 


2/ Swartzman, E., Botham, J. C., Tibbetts, T. E., Burrough, E. J., and 
Birge, G. W., A Study of the Relation between the Properties of Cokes 
Produced by Means of Two Laboratory Methods and Coke Produced Indus- 
trially: Mines Branch Investigation Report IR 58-138, Canada Dept. 
Mines and Tech. Surveys, 1958, 68 pp. 
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report summarizes another and gives data obtained from carbonizing four coals 
tested simultaneously in three Bureau laboratories at Pittsburgh, Pa., Denver, 
Colo., and Tuscaloosa, Ala., with different designs of equipment and different 
operating schedules. 


The selection of carbonization techniques used at the three laboratories 
was dictated by historical and local considerations. At Pittsburgh, the 
Bureau began the first comprehensive study of the carbonization properties of 
coals. The purpose of this study was basically to survey as many coals as 
could conveniently and practically be studied by a consistent technique, in 
order to provide a basis for comparing these coals. This was a generalized 
study, not keyed to any geographical area, as it was initiated at a time when 
the Pittsburgh station served as the only coal testing laboratory of the 
Bureau of Mines. The 13-inch and 18-inch circular ovens served this purpose 
and produced sufficient coke for physical testing. 


The Denver and Tuscaloosa laboratories, however, were faced with the 
problem of studying local coals and carbonization problems as applied to local 
practice. Each laboratory selected an oven design comparable to the indus- 
trial ovens used in their area. In the Denver area, both 18-inch and 14-inch 
ovens are used commercially, but the major problems being studied at the 
time the Denver oven was being built concerned the carbonization of weakly 
coking coals, particularly those from western Colorado and Utah. For such 
coals, the Bureau used the narrower oven, because it is not practical to 
attempt to coke through the charge of such coals in an oven wider than 14 
inches. The 17-inch oven used in Tuscaloosa is representative of the commer- 
cial slot-ovens used in the southern and eastern States and has a movable wall 
permitting measurement of the pressure developed during carbonization. 


The BM-AGA method for determining the carbonizing properties of coal has 
been used by the Bureau at Pittsburgh since 1929 when a survey of gas-, coke-, 
and byproduct-making properties of American coals was begun in cooperation 
with the American Gas Association. Since that time more than 800 coals have 
been studied by this method. Originally, the survey concerned the effect of 
temperature of carbonization from 500° to 1,100° C.(932° to 2,012° F.) on the 
yields and qualities of the products obtained from a charge of coal ina 
circular retort 13 inches in diameter and 26 inches in height. The objec- 
tive in recent years has been principally to determine yields of products and 
quality of coke by standard ASTM methods from carbonizing coal at 900° C. 
(1,652° F.) in an 18-inch retort. The 13-inch retort is used when the coal 
available is insufficient for the larger retort and for carbonization tests at 
lower temperatures. For all four coals tested in this investigation, both the 
13-inch retort, containing a charge of about 90 pounds, and the 18-inch retort, 
containing a charge of about 180 pounds, were used at 900° C.(1,652° F.). One 
of the coals also was carbonized at 800° C.(1,472° F.). <A description of the 
apparatus used and of the procedures followed in obtaining the data npepoe 
is ace in appendix I. 


At the Bureau's Denver laboratory, carbonization tests were made in a 
10-inch diameter, circular retort, holding 50 pounds of coal, at 
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900° C.(1,652° F.) using a modified BM-AGA technique (See appendix II). In 
addition, tests were made in a 14-inch-wide, slot-type oven, holding 500 
pounds of coal, with the flue temperatures maintained at an average temper- 
ature of 2,280° F.(1,249° C.) (See appendix III). 


A larger scale experimental slot-type oven was used in the studies per- 
formed at the Tuscaloosa laboratory. The oven has a width of 17 inches and 
holds a charge of about 850 pounds of coal. A description of the oven and of 
its operation is given in appendix IV. A flue temperature of 2,400° F. 

(1,316° C.) was used for all four coals, and for one coal 2,000° F. (1,093° C.) 
was used. 


Although conditions of carbonization differed in the three laboratories, 
by joint agreement all tests were made under conditions considered standard 
for the laboratory concerned. Results thus obtained should contribute to a 
knowledge of the significance of such differences in conditions in predicting 
the coking characteristics of coals. 


In the original plan, one coal from each district, typical of those used 
commercially in the area, was to be tested simultaneously at each of the three 
laboratories to minimize possible effects of time elapsed between collection 
and testing of the samples. The three coals chosen represented raw materials 
used industrially for production of blast furnace coke. On completion of the 
tests on these three coals, another sample representing a foundry blend was 
selected, as the coke produced for foundry use differs in many respects 
from furnace coke. A description of the methods of collecting the samples and 
their analyses are given in this report. 


Methods of characterizing the coke produced at each laboratory have com- 
mon factors. Results of these tests and also of tests that have received 
local acceptance as to significance are included in the tables. 


COLLECTION AND ANALYSES OF SAMPLES ~ 


The four coals used in this study were (1) a sample of the blend used in 
a western plant, (2) a southern strongly coking coal, (3) a blend from an 
eastern plant, and (4) a foundry blend, typical of those used in the 
Birmingham district. 


(1) Western plant blend: The nominal blend consists of 1 by O-inch mate- 
rial composed of 85 percent of Sunnyside (Utah) high-volatile coal and 15 
percent of two low-volatile and one medium-volatile Oklahoma coals in 
approximately equal proportions. The test lot collected for this study was a 
composite of 20 belt samples taken over a 4-day sampling period. These 
samples were placed in sealed drums and were shipped to Denver, where the 
total of 14,600 pounds was long-piled and distributed over 72 drums. Each 
drum contained 20 10-pound increments. Drums were selected at random to pro- 
vide sufficient coal for the tests at each laboratorys the coal was crushed 
to 1/4 by O-inch size (round hole screen) in a hammermill and was shipped or 
stored in sealed drums. The coal was 95 percent minus one-eighth inch, and 
12.5 percent passed through a 100-mesh screen. 
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(2) Southern coal: Run-of-mine coal from the Bessie Mine (Alabama) was 
crushed to approximately 1-1/2-inch top size in a breaker, and the underflow 
was cleaned using heavy media, tables, supersorter, and flotation units. The 
product contained some oil, since the flotation circuit at the washer treated 
approximately 20 percent of the raw coal and used about 16 pounds of kerosene 
per ton of feed to improve drainage characteristics. Except for a low-ash 
product removed from certain of the tables for specialty uses and amounting to 
about 10 percent of the combined washed coal from all units, the washed coal 
from the different units was combined and stored in a washed-coal bin for 
shipment to the coke works. A sample, amounting to approximately 9 tons, was 
taken directly from this bin in a single lot, was transported to Tuscaloosa, 
was crushed to approximately one-fourth inch with a hammermill, and was mixed 
by alternately long-piling and coning the entire sample twice. The coal was 
90 percent minus one-eighth inch, and 11 percent passed through a 100-mesh 
screen. The lot was then stored in sealed bins containing 1/2 to 1 ton each. 
Approximately 3 tons of material, representing the entire contents of five bins, 
were removed and again mixed by alternately long-piling and coning. This 
material was shoveled from the base of the cone into 16 drums placed equidis- 
tantly about the cone. Four drums were selected at random for shipment to 
Denver and three for sending to Pittsburgh. The remaining nine drums were 
retained for carbonizing tests at Tuscaloosa. 


(3) Eastern plant blend: The head sample consisted of a 2-ton lot com- 
posed of 30-percent medium-volatile Pocahontas No. 4 coal and of 70-percent 
high-volatile A Pittsburgh coal collected by plant personnel. The coal was 
55 percent minus one-eighth inch, and 8 percent passed through a 100-mesh 
screen, while 32 percent was larger than one-fourth inch. The sample was 
received at the Pittsburgh laboratory in burlap bags, each containing about 
100 pounds of coal. The entire sample was formed into a long pile and was 
divided by shoveling approximately 10-pound increments alternately into 
So-gallon drums. Three of the sealed drums were shipped to Tuscaloosa and 
three to Denver. The portion retained at Pittsburgh was further divided into 
100-, 200-, and 500-pound samples for BM-AGA 13- and 18-inch retort tests and 
a sole-oven expansion test. Approximately 20 pounds of coal were obtained for 
chemical and size analyses. 


(4) Foundry blend: The blend was composed of 15 percent high-volatile 
coal from the Black Creek bed (Alabama), 43 percent medium-volatile coal from 
the Blue Creek bed (Alabama), 35 percent low-volatile Pocahontas No. 3 bed 
coal, and 7 percent Pennsylvania anthracite. The components were obtained at a 
single local coke plant and represented the material being used to produce com- 
mercial foundry coke at the time of sampling. The anthracite was No. 5 buck- 
wheat and was used without crushing; each of the other components was crushed 
to approximately minus one-fourth inch with a hammermill and was mixed by 
coning. The blend was prepared by using a cement mixer. Two hundred pounds, 
consisting of weighted quantities of the four components, were charged to the 
mixer along with No. 5 fuel oil in the amount of one-half gallon per ton. 

The mixer was operated for 10 minutes, and, except for a small increment with- 
drawn for moisture determination, the total contents were emptied into a 
55-gallon drum, each drum containing exactly two mixer charges. Two drums 


Google 


were selected at random and were shipped to Pittsburgh; three drums were 
shipped to Denver. To obtain the necessary quantity of material for test- 
ing, the contents of two or three drums were mixed by coning twice, and the 
required weight of sample was taken by shoveling from the base of the cone. 
Over 95 percent of the blend was minus one-eighth inch, and 12 percent passed 
a 100-mesh screen. 


Chemical Analyses of Coals 


Chemical analyses of the coals on the as-received and moisture- and ash- 
free basis are given in table 1. Samples for these analyses were collected 
from the head sample at the time the coals were divided for distribution to 
the separate laboratories. In addition, proximate analyses were made of the 
individual samples at each laboratory before carbonization. The latter 
analyses agreed well with those of the head samples, indicating that sampling 
techniques were satisfactory. 


TABLE 1. - Chemical analyses of coals 


Western | Southern | Eastern | Foundry 
plant coal plant blend 
blend blend 


Proximate analysis, as received: 
MOiStUTr€.cocccccccccccccccevesepercent.. 
Volatile matter. ccccccvcccccscecdQeeceve 
Fixed CarboneccccccccccvcccsesecdQccece 


RS oe. e ico eo eee Se wb bers es ob 6s Sie OO sien 


Proximate analysis, measfid/; 
Volatile matter..ccecscccccoeeepercent.. 
Fixed CALDON ¢ io 6 66 Kore 668 6 bw ew OO sees 


Ultimate analysis, m.a.f.: 
Hydrogen. ccocccsccccccccccvcces percent... 
Carbone. cccccccccccccvvcccccascsedQecone 
NitrogeneccecsccsoscccccesvecsesedQeacee 
SUL FUL. cccccccccccccvcvcscccesecdQeccces 
Oxygen (by difference)....e.eeeedOveees 


British thermal units per pound, m.a.f... 
1/ Moisture and ash free. 


The moisture- and ash-free volatile matter of the four coals ranged from 
26.0 percent for the foundry blend to 40.5 percent for the western plant | 
blend. Three of the coals contained from 6.0 to 6.8 percent ashs the south- 
ern plant blend contained 10.3 percent ash. The sulfur content of the coals 
ranged from 0.9 to 1.5 percent. 
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Plastic Properties of Coals 


Table 2 gives the free-swelling indexes, agglutinating values, Gieseler 
plastometer, and Audibert-Arnu dilatometer data, and expansion as determined 
in the sole-heated oven for the coals. The results of these tests, which have 
received local acceptance for evaluating coking properties of coals, indicate 
the wide range of values for charges to industrial ovens. The agglutinating 
values and free-swelling indexes ranged from 5.3 to 8.9 and 4-1/2 to 8, 
respectively. The maximum fluidity, as determined in the Gieseler plastometer, 
ranged from 16 to 9,300 dial divisions per minute. The maximum dilatation as 
determined in the Audibert-Arnu dilatometer, which has been proposed by the 
International Standards Organization as a specification for coking coals, 
ranged from 6 to 210 percent. Of the four coals, the eastern plant blend 
contracted the most in the sole-heated oven test--more than 10 percent--and 
the southern coal contracted the least. In fact, the average of the two 
values given for the latter coal in table 2 would indicate neither expansion 
nor contraction. 


CARBONIZATION DATA AND COKE PROPERTIES 


The data describing the carbonization conditions at the three labora- 
tories for these tests are given in tables 3 to 6 inclusive. These same 
tables include the data on the properties of the cokes produced. 


DISCUSSION 


For many years, a general opinion has been held that only a full-scale 
coke-oven test is acceptable as a criterion of the quality of the coke pro- 
duced from a given coal charge. Studies by each of the three Bureau labora- 
tories collaborating in this investigation have shown correlation between 
laboratory evaluation of coals for high-temperature carbonization and commer- 
cial practice.3 4.5 6/ While the equipment, procedures, and operating con- 
ditions have been standardized at each laboratory, the differences might 
have contributed to significant differences in the properties of the cokes 
produced. The principal differences in this study were in the retort systems-- 
circular retorts ranging from 10 to 18 inches in diameter and slot-type ovens 
ranging from 14 to 17 inches--and in operating conditions, that is, carbon- 
izing temperatures and times, charging techniques, and handling of coke before 


3/ Walters, J. G., and Birge, G. W., Duplicability Studies of the BM-AGA 


Test Method and Correlation with Industrial Coking: Bureau of Mines 
Rept. of Investigations 5467, 16 pp. 

4/ Denver laboratory, unpublished. 

5/ Gayle, J. B., and Auvil, H., Development of New Experimental Coke Oven: 
Bureau of Mines Rept. of Investigations 4923, 1952, 17 pp. 

6/ Gayle, J. B., and Gulledge, E. L., Carbonizing Procedures with New Exper- 
imental Coke Ovens: Bureau of Mines Rept. of Investigations 5011, 1954, 


12 pp. 
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testing. Since each laboratory uses ASTM standard test procedures for measur- 
ing coke properties, any difference found in these properties should not be 
attributed to test procedures but to differences in equipment and operating 
conditions. 


TABLE 2. - Plastic properties of coals 


Western|Southern|Eastern| Foundry 
plant coal plant | blend 
blend blend 


Free swelling PGC i bie b-o:5 0 6b Sos oo Oe eee 7-1/2 
Agglutinating 2 16 In | < eee ee ee ee Ne As 6.1 
Gieseler plastometer data: 
Initial softening temperature.....eceeeCe. 383 
Fusion temperature. cccccccccccscccsccee Cos 428 
Temperature of maximum fluidity........C.. 458 
Solidification temperature....ccccccceee Cee 495 
Maximum EIMIGILY soc 650-5 5000s. o055-0'0s <0 OdOMss 273 
Audibert-Arnu dilatometer data: 
CONntractiony; ics scwiecicieeesice cee oeePOrcents:s 28 
DULAC aU LOM 6 i5:5:66:016)0'0)4 0s o's ercinbre 60's 50 46.6 OO Sores 30 
Softening temperature... ceccccccccvcscce Coe 382 
Temperature of maximum contraction.....%C.. 430 
Temperature of maximum dilatation......C.. 471 
Expansion_(+) or contraction (-), percent: 
End (1) : Pittsburgn. ccceccccvccccccccece 
End (2)2/, Tuscaloosa ee ee ee ee eo -2.2 


1/ ddpm = dial divisions per minute. 

2/ Determined in sole-heated oven34.5/; observed values corrected to a 
standard condition of 55 lb./cu. ft., 1 percent moisture. 

3/ Auvil, H. S., and Davis, J. D., Determination of the Swelling Properties of 
Coal during the Coking Process: Bureau of Mines Rept. of Investigations 
3403, 1938, 18 pp. 

4/ Auvil, H. S., Davis, J. D., and McCartney, J. T., Expansion of Coal 
during Coking: Bureau of Mines Rept. of Investigations 3451, 1939, 

21 pp. 

5/ McCartney, J. T., and Davis, J. D., Expansion of Coal during Coking: 

Bureau of Mines Rept. of Investigations 3644, 1942, 23 pp. 


The coals selected for this investigation are used industrially in the 
western, southern, and eastern sections of the United States. They were col- 
lected at commercial plants and subdivided into samples by the Bureau 
personnel of the three laboratories. The samples were distributed to each 
laboratory for simultaneous testing to avoid possible effects of time 
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elapsed between sampling and carbonization. Proximate analyses of individual 
samples made at each laboratory before carbonization agreed well with those of 
the head samples and showed adequate sampling and preparation techniques. The 
physical and chemical properties of the coals covered a wide range. The coal 
charges differed in size consist from 55 to over 95 percent through one-eighth 
inch and from 8 to 12 percent through a 100-mesh screen. The moisture- and ash- 
free volatile matter ranged from 26 to 40.5 percent. Free-swelling and agglu- 
tinating values ranged from 4-1/2 to 8 and from 5.3 to 8.9, respectively. The 
Gieseler maximum fluidity and the Audibert-Arnu maximum dilatation of the 
charges ranged from 16 to 9,300 and from 6 to 210, respectively. 


The properties of the cokes produced from the four coals also covered a 
wide range. Cokes produced in the standard equipment and under the standard 
operating conditions of the three laboratories, excluding the lower-temper- 
ature carbonization of the foundry blend, had an average 1-1/2-inch ASTM 
shatter index that ranged from 73.0 to 93.7, a l-inch ASTM tumbler index that 
ranged from 36.3 to 52.7, a 1/4-inch ASTM tumbler index that ranged from 
55-0 to 70.0, and an apparent specific gravity that ranged from 0.79 to 0.94. 
Excluding the Pittsburgh laboratory, which does not determine size distribution 
of the coke, the average coke size ranged from 2 to 3 inches. ASTM strength 
indexes could not be determined for coke produced in the 10-inch modified 
BM-AGA retort at Denver because of insufficient material. Those from the 
13-inch BM-AGA retort at Pittsburgh differed slightly but consistently from 
those for coke from the 18-inch retort. The coke from the foundry blend that 
was produced in the Tuscaloosa oven at lower than standard temperatures was 
larger in size and had a lower 1/4-inch ASTM tumbler index than that from 
either the Tuscaloosa oven or the BM-AGA retort under standard conditions. 


The size distribution and the average size of the cokes produced under 
the standard conditions in the Denver 14-inch slot-type oven and the Tuscaloosa 
17-inch slot-type oven were substantially the same. For the cokes produced 
under the standard conditions at all three laboratories, the physical prop- 
erties of the cokes from all four coals, including shatter and tumbler indexes 
and apparent specific gravity, were in excellent agreement. Because of the 
considerable differences in the standard methods of carbonization at these 
laboratories, this result could not be anticipateds rather, one might have 
expected small but consistent differences in coke properties. Even 
acknowledging the limited scope of the present study, the value of the 
many studies published by the Bureau from the three laboratories in eval- 
uating coal for coke production is enhanced in that it indicates that data 
are directly comparable for measurements common to all. The doubtful value 
of data on cokes produced in circular retorts as contrasted to slot-type 
ovens also is removed, increasing the significance of the data obtained 
on more than 800 coals in the BM-AGA survey. 
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TABLE 3. - Western plant blend: Carbonization data and coke properties 


; Pittsburg Tuscaloosas 


Type of carbonization equipment....-sceccceeee |Circular|Circular| Circular | Slot-type| Slot-type 
oven oven 
Diameter Or Width. ccocccccccccvcccecesiNCheSe. 14 17 
Carbonizing conditions: 
Temperature 
Average flucssscvcvavevcccesarnsncccsvsesee 2,280° F.| 2,400°9 F. 
Average Wall. wcccccccccvcccccccccsccccseve 
Final Coke. .cccccces We Siareraie Be saree 2% ere a 
Cokina time: 
GLOSS s.g:cieiewi es me wiels Gee a saeees ene oNOUTSs4 
NO Gis soba ssw 60/400 06:5. 6 ES CUle eo WO wis 6 ow se GOn es 
TUG ss sarees 6 wb ee Coe oe Meow Se oe eww Ose ce 
Moisture, as carbonized........+--epercent.. 
Bulk density, as carbonized......lb./cu.ft.. 
Coke yield, as carbonized.....eee.e--percent.. 


Tar yield, aS CAarbOniZed..cccevccccccee ede eve =s 
Gas yield, aS Carbonized..crcscccvesveeedO0vece -- 
Cumulative screen analysis of coke: 

OM Gs O01 NG Ness sdeeieie wee. wee eees 646556 00n ses -- 


ONS O= ANC iid ys aig aioe aiaie eb Gwe 65S 0 uo Wow OOne es 
On 40ST ICs isk ccdwdnseetataseaewssdueOOuses 
DA BeOS WAC lise scarp lanes swe we owe tle wed oO OS 055 
ON 260 NClhiss6-66 see. s aweiw neces ee were ew OOu sa 
Bee DS Casa sare deed cea ee: © btn ene: ari wie aw wera ee COare oy 
On 1 sO=1 Che scswwee vee ede wee ewe wanes es 20's se0 
On Oe 752 INChis sce daww be oes ot ea wwe 6 SOON se 
On. O02 50=4 NChis stvsea ve ee eawe viewers seuww eOOwee 
On Oe 25= LAC wc alee ees eve oe eee Wee aes eens Onsen 
Average $size: 
Entire SaMpl@scceccesccccccccecceeilNCNeSe. 
PLUS: LeiNnCis.ssis seco sists Voc ea see ae iw IOue ss 
Coke strength indices: 
[Trop shatter, ASTM: 
On 2.0-inchesecocccccvevevcsssesepercente.. 
OR: dag = AC ie ws eeeeadicon eS ae ere orcas 2 Soe eel wd One es 
ON Os SE LG Negra: 5 Gos e id eee Oe bo ils be eA OO eiee 
Tumbler, ASTM: 
One TO VAC Hise eree-oio so arsine tee Woes ee SOO Sas 
Of Osi 25- TNCs vedere eaecadiwew somes ene OO we wc 
Specific gravity of coke: 
APPATeNte ccccccvevecsveeccsesevresecsseesccee 
ee) ree er ee ee ee ee ee ee ere ee ee ae 
Cell Space. ccccccvcvevcccccceeves percent... 
Chemical analysis of coke: 
Proximate, dry basis: 
Volatile matter.ceccccccccseccceveeedOsese 
Fixed Carbon. vss seis betecee owe sew e COOw as 
B Sleds ere srede wee Wad: 6 wise Sia 6 4-4ie woe @ SOO see © 
Ultimate, m.a.f.: 
HYDPOGCNi is <is eats ee ca dab ssc wi ees es ebOew es 


Gar WOT aero ie eres So we ee Oe a Swe we OO eS Sor 
Nai CPOGOM 6 a 66 oie a biee-a sia w seers oe bo 50-00 6 O06 0s er 


SULFULr. coccccccccccccccscccccesccee sdOeees 
Oxygen (by difference). ..cseseeeceeedOseee 
British thermal units, Meadsfocccrccascccescces 
l See appendix [. 
2/ See appendix II and III. 
3/ See appendix IV. 
4/ Estimated. 
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TABLE 4. - Southern coal: Carbonization data and coke properties 


Pittsburghl/ | __Denver2/___—| Tuscaloosad 


Circular|Circular| Circular | Slot-type| Slot-type 
retort oven oven 
14 17 


Type of carbonization equipment...ccccccccccce 


Diameter or WidthecccccccccccvescceceeiNCNeSes 
Carbonizing conditions: 
Temperature: 
Average flu@cccccccccccccsescssscccccssece 
Average Walliccecccccccevccveccesvcccecece 
Final Cokeccsvcvccesccsececesesesesecseses 
Coking time: 
GLOSSs see dew ew bees 69d os owe resus NOUTS+< 


NOU iis 65.0 6 0b bcd 60 0054456506 8640S Ss 


2,180° F. 
2,140° F. 


16.62/ 
12.63/ 


6.0 
50.7 
74.4 


"TPUCN ccc rece ccecccccvecscccsc sce se edOsee 
Moisture, as carbonized.....ees.ee-epercent.. 
Bulk density, as carbonized......lb./cu.ft.. 

Coke yield, as carbonized...ccecooeeepercent.. 


Tar yield, aS CarboniZzedecccccccccccseeedQevee -- 
Gas yield, as CarbonizedisccccsecvvvcvsesG0eves reg 
Cumulative screen analysis of coke: 


On Gs OM INC isis o5:5w 6 0c oak 640s s OOK OON SAS 
On Sp OH INC Ney sé oes wae Nw ob 50s oie 6650 Bie OO ce ce 
On 4, 0=INCiivtciew eS ees wawne coe ou eve ede owe 
On SeO-INCNs «ese ee see beta waeew seer OOsews 
On ‘2.0-INChis.% 6s vwwesewesee sees wwndeed0e se « 
On D655 1 Clie 6:0 eeeiaveiaie 6 b'e:s0's os o's 0 OC OO8 v5 
On: “T0201 Nc.2i0 48 6.0 cae swede Sie 80S o's oes ae 
On: O75 AEM ie ae ere eie eae Wale ea Oe we aig oo Ovens 
On 0. D0=1T1CN v. oisee 0:65 0:6 esse 05 wee eis ee ss SOO S66 
On 0. 25-1NClc.s. 60s 650s eet os ewe S08 oe eO0ea ae 
Average size: 
Entire SampleccccccccccvcccccsscesilNCheSe. 
Plus PHincn 6.0:6-8)60s 5000 Ww 0-6 60s 60.6 CUO eS cic 
Coke strength indices: 
Drop shatter, ASTM: 
On 20-inch. ceccccvccccccccevees percent. . 
ON LeS-incheececcccsseccsvcvsvsesveseed0esece 
On: O45 *i1NCNiee'ae's ol 6e were a ie See kewes One ae 
Tumbler, ASTM: 
One LOT ic Dienacis dare wee eee oo weeny +e CO ee 6 
On Os 25" LACH. a :6c 5:0 e e006 Rew wins Bee oO Oe al bce 
Specific gravity of coke: 
APPATeNtaccccccccvvccccccccsscvveesccsveecces 
TEU Cw ao oare es oes oe soa oe wes oe Ee ewes es oe weds 
Cell SpaCCcecceccccccccsccecvceseeepercente. 
Chemical analysis of coke: 
Proximate, dry basis: 
VOLGtile Mater sc becws ewes sete ect edOeuws 
Fixed Carbon. «iss t secb0 sesso 0boeesdOe sce 
AS lieve osteo Oie-8 ob ee ete e ek wee bee eis owes bs 


Ultimate, m.a.f.: 


HYGTOGeNe coccccvccccscccccevescccescdOeece -- 
Carbone ccsvcscrscsesccsecevenccsccesedOsece -- 
NitrogenecscccccccncscccccsecssevncesdQsees -- 
SuULFULr ce ceccvcccvecccccvesscccccccescdOsece 0.8 
Oxygen (by GL ffErence) ss66 06.06 600e~eGOwine's == 
British thermal units per pound.cececccccceces —_ 


l See appendix I. 

2/ See appendix II and III. 
See appendix IV. 
Estimated. 


Ree 


Google 


ll 


TABLE 5. - Eastern plant blends Carbonization data and coke properties 
Pittsburgh 


Tuscaloosa3 
Slot-type 
oven 
17 


Denver2 


Circular|Circular| Circular |Slot-type 


Type of carbonization equipment..ceccccccccces 


Diameter or width. .ccccccccccccccccccceinGhese. 
Carbonizing conditions: 
Temperature: 
Average flue. cccccccscccccccccccccccescoes 
Average Walle seccccccccccscvevescecccccces 
Final Coke@ecccccccccccccccsccccccccccvcece 
Coking times 


2,140° F. 


GrO6 $6566.s 686 6 oo dice wo 406 O50 68. 04 4 es NOUTSS« 
NGS v5. 6.bis oi Sockw 06 oe etee ceeds ee eaesesOOeees 


NT UC” cise. ec Me oy A Wile wa ee es eee wedOs ees 
Moisture, as carbonized............percent.. 
Bulk density, as carbonized......lb./cu.ft.. 


17.29/ 
13.33/ 


2.7 
54.3 


Coke yield, as carbonized............percent.. 
Tar yield, as Carbonized....cccescccccedQcceee 
Gas yield, as Carbonized...cscccecccceddOceece 
Cumulative screen analysis of coke: 
On 6.0-INCh. coccccvcccvccccccscccseesds snes 
On 5 O=INCliee sok veareow ease wae eau ae O0ce eer 
On 4s 0-1 iC lis sis sce dns Sa edie saeie ss ree OO swicre's 
On: 3. O=1G Neis-5.5:6:S sicssivres 5.6 20s 0086 Oe wes OOveees 
On! 250s 1 NCH. 04606-6605. 0ie wie was oeeewOOee ees 
Ons Le SI NCle iv-oe.ee ese adieis 5 ose se ei ees COs eee 
On Ls ORI Nelie sce sie wieidles oniese ween ewenweOOs ose 
ORS 0.75 = (NC esisic.e's stew eass sobre es etieee 40 00s nee 
On -0.50- 1ACNs 600s ed ecctaweseeoe ecw eOOeu ces 
On 0 225-1 Nise sie. voi ehous Saree eseee ee OO sess 
Average size: 
Entire sample. ccosssccccccccccccesiNChes.. 
Plus: L=1nChi< s2a.0 6% 605448 dine saeis oe GdOen ss 
Coke strength indices: 
Drop shatter, ASTM: 
On 2.0-incheccccvcccccccvcsesvesee percent... 
On. Ls S21NCs a6 6a esos 6a be bie ewe weG0e eens 
ON: O45 ICN seesra.ves.trae wv leieie bebe www OOe wien 
Tumbler, ASTMs 
On L.O-incheccescccccecccccvcccee percent.. 
On O.25-inche ccccccccccccccvccscce cesses 
Specific gravity of coke: 
Apparent. cocncccccccccccecvecccscccscvccvecs 


69.4 


TLUu@scccccccccccvccccccccccscccccccseceecese 

Cell spaceccccccccccccccccccccccee spercent.. 
Chemical analysis of coke: 

Proximate, dry basis: 


Volatile matter.ccccccccccccccvcccsdQcsece 0.8 
Fixed :CarbOn sss sse sos aed tees nes wees Ouse cs 89.5 
AG Vda oW.o sie oe Oe oe OE Oe oleae Ha we ee OO% eens 9.7 
Ultimate, m.a.f.: 
Hydrogenececcccccccescccccccccccssed0eseee -- 
CarDOn oi cisae bo Go eee 0600 oe oie wows OOwee es = 
NitrogenecccccvcccccccvcscvevessceedQcevee -- 
SUL £UP s o.wisin soe Sis 0:60 wee wise oso sess se OOew ees 1.3 


Oxygen (by difference) ..ceccccseeccdQesece 
British thermal units per pound..cccccccccvves 


l/ See appendix I. 

2/ See appendix II and III. 
3/ See appendix IV. 

4/ Estimated. 
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BM-AGA Carbonizing Apparatus 


The Bureau of Mines-American Gas Association (BM-AGA) carbonizing appa- 
ratus, shown schematically in figures 1 and 2, consists essentially of an 
electric furnace, cylindrical steel retort, condensing and scrubbing train for 
recovery of products, and gas metering and sampling devices. 


As shown in figure 2, the electric furnace (1) is 26 inches in internal 
48 inches deep. 


diameter and 


Refractory shapes 


CXF insulating brick 
4) Cast refractory 
FEE] kiesetguhr 
Ne Firebrick 
KAA) Steel 


shown. Five others 
installed similarly. 


*_* # @#.# 
Patetetets 
Se% et ates 
* 2 e# #.@ 

* * #8 
Patetetate 
sotetetete 
et et ata e* 
seeeetete® 
seeeetete? 
etetetete® 

eM FS. 
*_* #4. 

®.%e%e%e* 
oe ee 
ececelece 

2 Pe Pe Pe 
* * 8 #8 

> 4 
Pa%a%e*%e*s 
* @# #8 # 


ee ee ee 
ow pa Ot), 
0,6,.0.0,.¢ 
*_* # #8 
*_*# @# # @ 
* * # # 
o.e,620-6 
e270. 6_6-6 
eter et ats* 
etetete*e* 
Gru. Gales 
ose, ¢.6,° 


18” isteseses 


ca — a 


2S DFTA SWRA VASE 
SSIS SESS 
KRLASBAIBAISBAABSASBDLS 
BOOK DODO XT 
BOSNIAN ANAS AAA AI 


—————E 50” 


SECTION A-A 


LL 


FIGURE 1. - Cross Section of BM-AGA Furnace and Retort. 


» Google 


A cast refractory block 18 inches in diameter and 


11-1/2 inches high is 
located at the bottom-center 
of the furnace to support 
the retort. The furnace is 
heated electrically by 
nickel-chromium resistors 
evenly spaced in the furnace 
wall. The retort (2) is 
constructed of 1l6-gage mild 
steel in the wall and 10- 
gage steel in the top and 
bottom. It is 26 inches 
high and notmally is either 
13 or 18 inches in diameter. 
The effluent gases and 
vapors pass from the retort 
through a 2-inch-diameter 
pipe, located at the top- 
center, and enter an air- 
cooled tar trap (3), where 
the heavier tars are col- 
lected. The gas and vapors 
then pass through a water- 
cooled tubular. condenser 
(4), where they are cooled 
to room temperature, and the 
liquor, together with addi- 
tional tar, is collected. 
The last traces of tar mist 
are removed by one of the 
alternate electrostatic 
precipitators (5 and 6). 

The gas then passes succes- 
sively through the packed 
scrubbers (7), where the 
ammonia is removed with 
sulfuric acid and (8 and 9) 
for removal of hydrogen sul- 
fide and carbon dioxide with 
caustic soda. Next, the gas 
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1. Electric furnace 8. Hydrogen- sulfide scrubber 15. Light-oil condenser 
2. Retort 9. Hydrogen-sulfide scrubber 16. Small wet-test meter 
3. Tar trap 10. Tubular condenser 7. Gas sample holder 

4. Tubular condenser 1. Light-oil scrubber 8. Twin oil pump 

5. Electrostatic precipitator 12. Light-oil scrubber 19. Acid pump 

6. Electrostatic precipitator 13. Large wet-test meter 20. Caustic pump 

7. Ammonia scrubber 14. Drying tube 


~ 


~ 
_~ 


Sample cock for 
HS and NH, tests 


Waste \ 
j \ 


2) To oil ( Oil 
LK r B| r tower. // 
| js — ‘ 


<> 


T » 20 x 

WY j 
Ul ? J _Oil_| ULo) LI J 
NaOH NaOH ® 


FIGURE 2. - Flow Diagram of BM-AGA Carbonizing Apparatus. 


oe od } 
Heating elements ' 


passes through the tubular condenser (10), where it is cooled with refrigerated 
water to-dehydrate partially the gas before entering the wash-oil scrubbers 

(11 and 12), which are also cooled with refrigerated water. This preliminary 
cooling prevents condensation in the oil scrubbers, which causes difficulty in 
subsequent stripping by the wash oil. Upon leaving the oil scrubbers, the gas 
is metered (13 and 16), sampled, and discarded. Residual light oil in the 
sampled portion of the gas (about 10 cubic feet) is recovered in the light oil 
condenser (15), which is partially submerged in a bath of acetone and solid 
carbon dioxide. The quantity of light oil recovered is calculated to a total 
gas yield basis and added to that obtained from the oil scrubbers. When 
distillation of the light oil is not required to determine its composition, the 
oil scrubbers are bypassed, and the yield of light oil is calculated from that 
recovered in the condenser. Steam, which is shown connected atop condenser (4), 
is used to remove tar from the tar trap, condenser, and piping at the conclusion 
of the test. 


In preparing for a test, the retort, with the bottom open, is inverted and 
filled with a weighed quantity of coal, and the bottom cover is welded in place. 
After the retort is returned to an upright position and is shaken slightly to 
level the top of the coal, the void space between the coal and top of the retort 
is adjusted to 1 inch by either additional packing of the charge or adding coal 
through the retort off-take pipe. With most coals this procedure gives a bulk 
density of about 50 pounds per cubic foot. 


The carbonizing furnace is preheated to a temperature 50° C. above the 


desired test temperature to compensate for the heat loss when the retort is 
charged. After an initial recovery period of about 15 minutes, the retort 
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wall is held at a constant temperature (+ 5° C.) by automatic control of the 
power input to the furnace. The control is activated by a single-point 
chromel-alumel thermocouple located on the retort wall midway between top 
and bottom. The couple is encased in 1/8-inch black iron pipe welded to 

the retort wall. Because of the marked influence of temperature on 
carbonization results, the indication of the control couple is checked 
manually every 15 minutes with an entirely independent system having a 
thermocouple permanently mounted in the furnace wall. 


Scrubbing solutions are recycled throughout the test, and auxiliary tests 
are made periodically to determine if removal of ammonia and hydrogen sulfide 
is complete. 


The test is discontinued when the rate of gas evolution, measured at the 
meter, reaches a predetermined value, which experience has shown is attained 
when the coke temperature at the center of the retort is within 25° C. of the 
wall temperature. For tests at 900° C., this value is 1 cubic foot in 3 
minutes. 


At the conclusion of the test, the retort is removed from the furnace and 
allowed to cool to room temperature, after which the bottom is cut off with a 
cold chisel, and the coke is removed and weighed. As the coke is being removed 
from the retort, about 15 pounds are selected, beginning about 6 inches from 
the bottom, to determine apparent specific gravity. This coke is later dried 
and included in the coke used for shatter and tumbler tests. 


Shatter and tumbler tests of BM-AGA cokes are conducted in accordance with 
ASTM specifications. Size analyses of the cokes as discharged from the retort 
have been discontinued for high-temperature coke because of poor agreement 
between duplicates. 


APPENDIX II 


The 50-Pound, l0-Inch Circular Retort 


The 50-pound, 10-inch circular gas-fired retort used by the Bureau at 
Denver, Colo., is a modified BM-AGA carbonization unit. Byproducts are not 
collected but are burned in a combustion chamber during tests. A cross 
section of the retort assembly is shown in figure 3. 


The retort is of heat-resisting l6-gage, type 310, stainless steel, 10 
inches in diameter and 26 inches in length. The retort assembly is suspended 
in the furnace by a lever system mounted on a scale. This arrangement permits 
taking continuous weight readings during carbonization. The retort is heated 
with controlled mixtures of natural gas and airs; products of combustion may 
be circulated to control the temperature. Retort temperature is maintained 
by manual control. 


The temperature history for a given run is obtained by chromel-alumel 
thermocouples placed midlength on the inner side of the retort shell and at 
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FIGURE 3. - Cross Section of 50- Pound Carbonizing Retort. 


the center of the coal charge. At a fixed point on the retort shell, an 
optical pyrometer measures the outside retort shell temperature. 


se Original from 
Digitized by | 
igitized by Google THE OHIO STATE UNIVERSITY 


17 


Crushed coal (1/4 by O-inch or smaller) is packed in the retort in layers 
to a predetermined bulk density. In the tests reported, 1 cubic foot of coal 
was carbonized. The charged retort is introduced into a preheated furnace. 

It then is suspended and balanced. After carbonization, the retort is removed 
from the furnace, is capped, and is allowed to cool to room temperature. The 
top coke is stripped to the middle of the coke residue, and the coke is photo- 
graphed in place in the retort. The coke is collected and, in the drop shatter 
apparatus, is dropped once to stabilize the coke. Physical testing follows, 
after which a composite sample of the total coke is prepared for chemical 
analyses. 


APPENDIX III 


The Denver Coal Research Laboratory 500-Pound Experimental Slot Oven 


The 500-pound experimental slot oven is gas-fired with fixed walls. (See 
figure 4.) This schematic representation shows the supporting steel and the 
firebrick construction. Oven-wall construction and a detailed section through 
a flue section is given by figure 5. 
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1 Vermiculite insulating brick 
2 Rock wool 

3 Standard firebrick 

4 High-duty firebrick 

5 Insulating firebrick 

6 Coal charge 41° x 30°x 
(6°-24”) 4 to17 cu. ft. 


FIGURE 4 - Experimental Coke Oven, 6- to 24-Inch Coking Chamber. 
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SECTION THROUGH FLUE 


C-3 concrete 


Cross Section and Elevation. 


- Experimental Coke Oven, 


FIGURE 5. 


the coal charging 


40 inches long, and permits an 
The walls are fixed in position, and no 


Since the oven utilizes a prepacked box 


charge, the oven walls have a slight taper of one-half inch to facilitate 
Depending upon the oven selected 


The oven chamber is 36 inches high, 
adjustable width from 6 to 24 inches. 


pressure measurements are made. 
charging without binding. 
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box will have the dimensions 40 inches in length, 30 inches in height, and a 
width ranging from 6 to 24 inches. The coal charge will vary with the oven 
width and will range from 4 to 17 cubic feet of material. At the 14-inch 
width, approximately 500 pounds of coal is charged. Carbonization tests 
listed in this report were made at the 14-inch width. 


The oven is gas-fired with five vertical flues in each Sidewall. Temper- 
ature is controlled by manual adjustment of the individual burners in each 
flue. Flue temperatures are determined by chromel-alumel thermocouples 
inserted in type 310 stainless steel wells. The coke temperature is deter- 
mined by six thermocouples placed in similar stainless steel wells located 
across the horizontal midplane of the coal charge. The thermocouples are 
spaced as follows: (1) Center of the coal charge, (2) 1-3/8 inches from the 
center, (3) 2-3/4 inches from the center, (4) 4-3/4 inches from the center, 
(5) 6-5/8 inches from the center, and (6) the oven wall. 


The coal charge is packed in layers to a predetermined bulk density in a 
plywood box. After the flues have reached the proper temperature, the charg- 
ing box is pushed into the oven over a greased slide. When the coal charge is 
heated from both sides, the coal remains in the oven approximately 17 hours. 
This includes the time required for carbonization (as indicated by the temper- 
ature at the center of the charge) plus the tempering or "soaking" time. In 
all tests reported, the net coking time is arbitrarily assumed to be the time 
necessary for the temperature of the center of the charge to reach 90 percent 
of the absolute temperature of the flues. For the tests reported, the gross 
coking time is the net coking time plus 1.3 to 3.4 hours of tempering or 
"soaking" time. Carbonization byproducts are not collected but are burned in 
a combustion chamber during the test. 


When carbonization is completed, the coke is pulled into a cooling box 
and wet-quenched. Since the amount of water for quenching is not measured, 
the quenched coke is spread in shallow pans and is dried at 100° C. for 3 to 4 
hours to eliminate the water remaining in the coke. All chemical and physical 
tests are made on the dry coke. 


The following tests are made on the resultant coke: Chemical analyses, 
true and apparent specific gravities, screen analysis, ASTM drop shatter, and 
ASTM tumbler. Screen analysis of the coke is made after dropping the coke 
once in the standard drop shatter apparatus to stabilize the coke. 


APPENDIX IV 


The Tuscaloosa 17-Inch Slot-Type Experimental Coke Oven 


Carbonization tests at Tuscaloosa were conducted with the Tuscaloosa oven 
which has been described previouslyZ/- It features an electrically (globar) 


7/ Gayle, J. B., and Eddy, W. H., Carbonizing Tests with Tuscaloosa Oven 
1952-53: Bureau of Mines Rept. of Investigations 5125, 1955, 16 pp.; 
Proc. Blast Furnace, Coke Oven & Raw Materials Conference, AIME, 
April 14-16, 1958, Cleveland, Ohio, vol. 17, pp. 193-212; Studies of 
Coke Oven Width, Flue Temperature and Coking Rate, Bureau of Mines 
Report of Investigations 5592, 1960, 35 pp. 
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heated carbonizing chamber 17 inches wide, 3 feet long and 4 feet high (see 
fig. 6). The heating walls are constructed of 4-1/2-inch silica brick to 
simulate, as closely as possible, heat-transfer conditions in commercial 
slot-type ovens. Charges range in weight from 760 to 950 pounds, depending 
upon the moisture content, size distribution, and amount of oil used, and 

are introduced through an opening in the oven top. One wall of the oven is 
movable and is equipped with recording hydraulic gages to measure any forces 
exerted by the charge during carbonization. Supplementary information on coal 
expansion is obtained by a 1/4-inch open-ended pipe inserted just above the 
center of the charge through a hole in the pusher end door and connected to a 
recording gas pressure gage. 


Flue temperatures are measured and controlled by platinum-platinum rhodium 
thermocouples encased in double porcelain wells which are in contact with the 
flue side of the silica brick heating walls. Ten thermocouples are used to 
control seven circuits having a total of 20 globar heating elements. Progress 
of carbonization is followed by iron-constantan thermocouples encased ihn 1/4- 
inch close-ended iron pipes and inserted into the charge through openings in 
the pusher end door. 


Programming of the heating schedule consists simply of setting the various 
temperature controllers for the desired flue temperature. No further adjust- 
ment is necessary; the rate of heat transfer is governed by the thermal char- 
acteristics of the heating walls and of the charge. 


For convenience in discussion, the coking period is considered to consist 
of two parts. The first represents the minimum amount of time in which carbon- 
ization can be considered substantially complete; the second part is the time 
allowed for soaking or tempering the charge and normally amounts to around 25 
percent of the total coking period. 


The first part of the coking period is referred to as the "true" coking 
time. Numerically, it is the length of time required for the center of the 
charge to reach a final coke temperature defined by the following equation: 

FCT = 840 + 0.4FT 


where: 


FCT 


final coke temperature at end of "true" coking time, °F. 


FT = Flue temperature, °F, 


During the soaking period, relatively little change takes place in the 


physical properties of the coke; the length of the soaking period is therefore 
not critical. 


After soaking for the desired time, the charge is pushed from the oven 
into a coke lorry, is quenched by hand with a garden hose, is spread on a 
concrete slab, and is air-dried for at least 1 day. The coke is given a 
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FIGURE 6. - Cross Section of Tuscaloosa Oven. 
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preliminary 6-foot drop in the shatter apparatus to simulate handling condi- 
tions at a coke works. It is then screened and is subjected to shatter, tum- 
bler, and apparent specific gravity tests in the usual manner. 
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